Objective. To analyze the progression of spinal radiographic damage in patients with early axial spondyloarthritis (SpA).
INTRODUCTION
The development and evolution of spinal structural damage over time has been investigated in patients with radiographic axial spondyloarthritis (SpA). At a group level, an average progression of 2 modified Stoke Ankylosing Spondylitis Spine Score (mSASSS) units per 2 years (i.e., at the level of the cervical and lumbar spine) is seen when radiographs are scored with known time order, or 1 mSASSS unit per 2 years when scoring is blinded for chro nologic order (1, 2) . The presence of syndesmophytes is known to be the strongest predictor for the development of further damage in radiographic axial SpA (1) .
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| 1679 development of the Assessment of SpondyloArthritis international Society (ASAS) classification criteria, although not meant for diagnosis, has raised awareness for early forms of the disease (3) . However, radiographic progression in these patients without radiographic sacroiliitis, and also in patients fulfilling the different arms of the classification criteria, has not yet been investigated.
Recently we have shown that the mSASSS is also the most valid, feasible, and sensitive-to-change scoring method in patients with early axial SpA (4) . The aim of the current study was to analyze the development and progression of spinal radiographic damage in patients with early axial SpA.
MATERIALS AND METHODS

Study population. Patients from the DESIR (Devenir des
Spondylarthropathies Indifférenciées Récentes) cohort were included (5) . Briefly, the DESIR cohort includes 708 patients with a high suspicion of recent axial SpA (<3 years of symptoms). Radiographs of cervical and lumbar spine were performed at baseline, at 2 years, and at 5 years and were read in 1 reading campaign. Patients were included in this analysis provided they had ≥2 observations with available radiographs and with an mSASSS progression score calculated. The database used for this analysis was locked in June 2016. DESIR received ethics approval from the Comité de Protections des Personnes Ile de France III.
Scoring methods. Radiographs were scored using the mSASSS (6) . The anterior vertebral corners of the cervical and lumbar segments (total of 24 vertebral corners) were scored in the lateral view for the presence of erosion and/or sclerosis and/or squaring (1 point), syndesmophyte (2 points), and bridging syndesmophyte (3 points). The total score range was 0-72.
The radiographs were independently scored by 3 trained readers (scores were averaged) blinded to chronologic order, clinical characteristics, and other imaging data. For the mSASSS, only scores of radiographs with ≤3 missing vertebral corners per segment (cervical or lumbar) were used (7, 8) . Individual missing vertebral corners were imputed following a previous method (8) . Reliability of the mSASSS readings of this study was good (4).
SIGNIFICANCE & INNOVATIONS
• Spinal radiographic progression, though limited in early axial spondyloarthritis, can be captured after 2 years. • Inflammation and damage in the sacroiliac joints, i.e., the imaging arm of the Assessment of SpondyloArthritis international Society criteria, particularly magnetic resonance imaging positive/ modified New York criteria positive, are associated with higher spinal radiographic progression. • Syndesmophytes, which can already be present early in the axial disease, strongly predispose patients for the development of further structural damage. To classify patients into different subgroups, baseline radiographs of the sacroiliac (SI) joints were also scored for the fulfillment of the modified New York criteria (mNYC) (9) , and magnetic resonance imaging (MRI) for the presence of inflammation (i.e., axial SpA suggestive of bone marrow edema lesions) according to the ASAS definition (MRI+) (10) .
Radiographic progression. Two-and 5-year progression scores (from baseline) were analyzed (mean ± SD) in subgroups of patients defined at baseline according to the following: ASAS axial SpA classification criteria (3) (ASAS+ or ASAS-) and its arms (imaging and clinical); fulfilment of the mNYC (mNYC+ or mNYC-), regardless of the MRI SI joint assessment (9); and the presence or absence of syndesmophytes ( Figure 1 ). To get more insight into the progression scores, these scores were also analyzed in categories: <0, 0, >0 and <2, and ≥2 mSASSS units.
Syndesmophytes, assessed in all available vertebral corners independently of the missing vertebral corners per segment, were considered present when at least 2 of 3 readers identified them at exactly the same vertebral corner and time point. The number of syndesmophytes was analyzed at baseline and then new syndesmophytes (from baseline) were analyzed at 2 and 5 years. Both cutoffs of >0 and >1 new syndesmophytes were considered. The proportion of change is shown as the change above the cutoff (positive change), change below the cutoff (negative change), and net change. Net change corresponds to the number of patients with a positive change (e.g., ≥1) minus the number of patients with a negative change (e.g., ≥ -1) (numerator) divided by the total number of patients included in the analysis (denominator) (10) .
A sensitivity analysis was conducted in a subpopulation, excluding patients who throughout follow-up obtained a different diagnosis than axial SpA (n = 25) and only including patients with an averaged (from all visits) level of confidence in the diagnosis of axial SpA of ≥5 (range 0-10). Additionally, the same analysis was conducted but restricted to patients with an averaged level of confidence in the diagnosis of axial SpA of ≥7. Stata SE software, version 12, was used.
RESULTS
In total, 549 patients were included, mean ± SD age was 34 ± 9 years, mean ± SD symptom duration was 1.5 ± 0.9 years, 46% were males, and 61% were HLA-B27 positive. In all, 63% of patients fulfilled the ASAS classification criteria (ASAS+), 13% fulfilled the mNYC criteria (mNYC+), and 7% had ≥1 baseline syndesmophyte (42% of these patients did not fulfill the ASAS classification criteria [ASAS-]). At baseline, no patients were treated with tumor necrosis factor inhibitors (TNFi), while at 2 years 31% of the included patients and at 5 years 43% were treated with a TNFi. Included patients were somewhat older, were more frequently HLA-B27 positive and ASAS+, and had a slightly higher baseline mSASSS score than those patients with missing radiographs, but differences were small (see Supplementary Table 1 , available on the Arthritis Care & Research web site at http://onlin elibr ary.wiley.com/ doi/10.1002/acr.23796/ abstract).
Radiographic progression results.
At baseline, the mean ± SD mSASSS score was 0.5 ± 1.5 for all patients, 0.6 ± 1.8 for ASAS-patients, and 0.4 ± 1.4 for ASAS+ patients, with an increasing gradient for patients who were MRI+/mNYC-, followed by MRI-/mNYC+, and then MRI+/mNYC+ (Table 1) . Mean ± SD 2-year mSASSS progression for all patients was 0.2 ± 0.9 and 5-year progression was 0.4 ± 1.8. Following the baseline difference, 5-year progression was slightly higher in patients who were ASAS-(mean ± SD 0.6 ± 2.0) than ASAS+ patients (mean ± SD 0.3 ± 1.6). mSASSS progression was higher in the imaging arm than in the clinical arm only. Within the imaging arm, there was a gradient starting in the MRI+/ mNYC-patients, with a 5-year progression of mean ± SD 0.3 ± 0.8, followed by MRI-/mNYC+ (mean ± SD 0.3 ± 0.6) and then MRI+/mNYC+ (mean ± SD 1.3 ± 4.0). mNYC+ patients had higher progression (mean ± SD 1.0 ± 3.3) than mNYCpatients, just like patients with baseline syndesmophytes, the group with the highest progression (mean ± SD 2.7 ± 5.0), compared to those patients without syndesmophytes (mean ± SD 0.2 ± 0.8). At 5 years, 23% of the patients showed mSASSS progression (16% progression >0 and <2 units, 7% progression ≥2). These percentages were higher in patients fulfilling the imaging arm criteria (26% progression >0), mNYC+ (30%, with 13% progression ≥2) ( Figure 1) , and were the highest in patients with baseline syndesmophytes, with a total of 74% showing a progression >0 and 39% a progression ≥2. At a group level, mean mSASSS values per time point increased from 0.5 at baseline to 1.1 at 5 years (see Supplementary  Figure 1 New syndesmophytes. At 5 years, 91% of the patients did not show any new syndesmophytes, 6% had 1 new syndesmophyte, 1% had 2 new syndesmophytes, and 2% had >2 new syndesmophytes (see Supplementary Figure 2 , available on the Arthritis Care & Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23796/ abstract). Table 2 shows the proportion of patients with a new syndesmophyte. The proportion of patients showing any new syndesmophytes (net change >0) at 5 years was 7% for all patients, 10% for the patients in the imaging arm (ranging from 5% MRI+/mNYC-to 18% MRI+/mNYC+), 17% for mNYC+, and 42% for patients with baseline syndesmophytes. Using a cutoff of >1 new syndesmophyte, the percentages dropped importantly, and the presence of new syndesmophytes was mostly captured in the patients who were mNYC+ (9%) and especially in patients with baseline syndesmophytes (21%).
Sensitivity analysis.
Radiographic progression in the selected population of patients with a level of confidence in the diagnosis of axial SpA ≥5, and excluding patients with another diagnosis than axial SpA during follow-up, was very similar to the main results (see Supplementary Tables 2-4, available wiley.com/doi/10.1002/acr.23796/ abstract). Radiographic progression in both continuous and categorical forms, as well as net change of new syndesmophytes, was similar across all subgroups of patients analyzed. Only in the subgroup of patients with baseline syndesmophytes was progression slightly higher in the population of patients from the sensitivity analysis. Similar results are for the patients with a level of confidence of the diagnosis of axial SpA ≥7 (data not shown).
DISCUSSION
Spinal radiographic damage progression can already be captured after 2 and 5 years of follow-up in early axial SpA. Interestingly, 7% of the patients already presented with syndesmophytes at baseline, which means that the process of structural damage starts, at least for some, early in the disease.
Radiographic damage and progression were slightly higher in ASAS-patients compared to ASAS+ patients, which was surprising. However, the difference was small and it can likely be explained by the fact that almost half of the patients with baseline syndesmophytes were ASAS-and 8% of the ASASpatients had baseline syndesmophytes, a strong predictor of further damage, also confirmed in this study (1, 11, 12) . The presence of syndesmophytes is already associated with a bad prognosis in early axial SpA; 74% of the patients with baseline syndesmophytes showed radiographic progression (any mSASSS progression) at 5 years, and almost half developed new syndesmophytes. For the first time, syndesmophytes have been analyzed as a net change. Net change considers a negative change, i.e., a situation in which a syndesmophyte disappeared from baseline to a subsequent time point (according to at least 2 of 3 readers), in principle meaning measurement error. Despite being a conservative approach, net change still captured new syndesmophytes in an early axial SpA population and with varying frequencies in different subgroups, as expected. Net change represents a method that should be further encouraged, also when analyzing the development of new syndesmophytes (10) .
As expected, the imaging arm showed more progression than the clinical arm. Within the imaging arm, a gradient was seen, with the lowest progression in the MRI+/mNYC-patients, followed by MRI-/mNYC+ patients, and by MRI+/mNYC+ patients. These findings suggest that the presence of bone marrow edema on the MRI SI joint assessment (i.e., MRI+) is associated with more structural damage in the spine in comparison to patients with a negative MRI SI joint result. Additionally, the findings show that radiographic sacroiliitis (i.e., mNYC+), and particularly the combination of both SI joint inflammation and damage (MRI+/mNYC+), seems to predispose patients to more spinal radiographic progression (10, 13) . New syndesmophytes at 5 years beyond measurement error are mainly seen in the subgroup of patients who are | 1683 both MRI+/mNYC+. Structural damage in axial SpA seems, at the group level, to start in the SI joint and expand cranially in the spine. Having a positive C-reactive protein level did not make any difference in the patients in the clinical arm, while clinical inflammation, i.e., disease activity, is known to be associated with spinal radiographic progression (14) . Possibly a relationship between inflammation and structural progression only happens in patients who are already prone for progression, i.e., who have SI joint damage, because such a relationship has only been demonstrated in radiographic axial SpA. Sensitivity analyses in a population of patients with a high level of confidence in the diagnosis and excluding patients with other diagnoses during follow-up provided similar results, which adds to the robustness of the findings.
In this study we did not consider the influence of other important factors in radiographic progression, such as patient characteristics (e.g., sex, HLA-B27 positivity, or smoking) or medication (the observed progression was under treatment of TNFi in 40-50% of the patients during any period of the follow-up). Neither did we score degenerative changes. We aimed at evaluating the progression in the different subgroups according to classification criteria or presence of syndesmophytes. Particularly the influence of medication requires specific analyses and handling potential confounding by indication, which requires a dedicated study.
In conclusion, spinal radiographic progression in early axial SpA is low but measurable beyond measurement error. Inflammation and damage in the SI joint, i.e., the imaging arm of the ASAS criteria, particularly MRI+/mNYC+, are associated with higher spinal radiographic progression. Syndesmophytes, which can be present early in the axial disease, seem to strongly predispose patients for the development of further structural damage.
